to assess the prevalence of intestinal helminthic infections and malnutrition among schoolchildren of the Zegie Peninsula, northwestern Ethiopia. A structured questionnaire was used to gather data on the demographic and risk factors associated with intestinal helminthic infections. Stool samples were collected and examined for helminth eggs using the formalin-ether concentration technique. In addition, anthropometric measurements were performed to assess the nutritional status of the schoolchildren. The overall prevalence of intestinal helminthic infections in the study area was 69.1%. Single, double, triple, and quadruple infections were 42.2%, 18.4%, 5.9%, and 0.7%, respectively. The prevalence of hookworm, Schistosoma mansoni, Ascaris lumbricoides, Trichuris trichiura, Hymenolepis nana, and Strongyloides stercoralis infections were 43.4%, 29.9%, 12.7%, 10%, 4.6%, and 0.7%, respectively. The prevalence of malnutrition in terms of stunting, being underweight, and wasting were 15.3%, 18%, and 27.6%, respectively. However, no significant association was found between intestinal helminthic infections and stunting, being underweight and wasting (p > 0.05). It can be concluded that intestinal helminthic infections, specifically infections due to hookworm and S. mansoni, are important health problems among schoolchildren of the Zegie Peninsula.
Introduction
Soil-transmitted helminth infections (STH) and schistosomiasis are among the most common infections worldwide. More than 1.5 billion people, or 24% of the world's population, are infected with soil-transmitted helminthes worldwide [1, 2] . An estimate in 2010 showed that globally, 438.9 million people were infected with hookworm. Of these people, 819.0 million were infected with Ascaris lumbricoides, and 464.6 million with Trichuris trichiura, with the vast majority of soil-transmitted helminth infections occurring in Asia [3] . Ethiopia is a sub-Saharan African country with a high prevalence of intestinal parasitic infections. Both STH and schistosomiasis are endemic and cause considerable morbidity in Ethiopia. Several studies in Ethiopia demonstrated that the infection rates of STH and Schistosoma mansoni are high in schoolchildren [4] [5] [6] [7] . Such factors as low socioeconomic status, cultural practices, low levels of environmental sanitation, and frequent contact with contaminated water favor the transmission and wide distribution of STH and schistosomiasis [8] . Although there are reports in certain regions of Ethiopia regarding the distribution of intestinal parasites, there are no studies that show the prevalence of intestinal helminthic infections and malnutrition in the Zegie Peninsula. Therefore, the present study was performed to assess the prevalence of intestinal helminthic infections and malnutrition among schoolchildren in the Zegie Peninsula.
Methodology Study design, area, and population
A cross-sectional study was conducted from November 2013 to February 2014 to determine the prevalence of intestinal helminthic infections and malnutrition among schoolchildren of the Zegie Peninsula, northwestern Ethiopia.
The Zegie Peninsula (11 • 43 N, 37 • 20 E) is located 600 km northwest of Addis Ababa, the capital city of Ethiopia, in the country's northwestern highlands at an altitude of approximately 1800 m. This peninsula is partially surrounded by Lake Tana, which is the largest lake in Ethiopia and the source of the Blue Nile. The Zegie Peninsula has 8934 inhabitants [9] . There are four schools and one health center. The two schools, Zegie Primary School and Ura Primary School, included in the present study are located 3 km apart.
Sampling technique
To select the study subjects, the schools were stratified according to their location. The students were then stratified according to their educational level (grades [1] [2] [3] [4] [5] [6] [7] [8] . Allocation of the students to schools, grade level and sections was performed proportional to the number of students in each school, grade and section. Finally, the study subjects were selected using systematic random sampling using the class roster as the sampling frame in each school. Three hundred seventy-six students from the Zegie Primary school and 46 students from the Ura primary school were selected.
A structured questionnaire based on known risk factors was developed in English and translated into the local Amharic language. For each student, the structured questionnaire was completed for the demographic and associated risk factors for intestinal helminthic infections. The questionnaire was first completed and subsequently the specimens were collected. Stool samples were collected in dry, clean and labeled stool cups and preserved in 10% formalin and transported to Laboratory of Applied Microbiology and Biomedical Sciences of Biology Department, Bahir Dar University. Anthropometric measurements were performed in triplicate, and the mean value was recorded. The weight and height were measured with minimal clothing and without shoes. The anthropometric index of Z-scores for height-for-age, weight-for-age and BMI-for-age were calculated as indicators of growth status for the children using Anthroplus software version 1.0.4 (WHO, Geneva) in accordance with the recommendations of the World Health Organization [10] . Schoolchildren with Z-score values of <−2SD for height-for-age, weight-for-age and BMI-for-age were classified as stunted, underweight and thin/wasted, respectively. The Anthroplus software does not calculate underweight for children older than 10 years because of the assumption that children older 10 years start to show secondary sexual characteristics (puberty), and as age increases, weight also increases. Therefore, it is not recommended to use weight for age as good nutritional indicator for children older than 10 years.
Laboratory procedures
Preserved stool samples were processed using the formalin-ether concentration method. In this method, a portion of approximately 2 g stool is placed in a bottle and mixed with 10 ml of 10% formalin, filtered through two layers of gauze into a graduated centrifuge tube and centrifuged for 2 min at 2000 rpm. The sample is stirred well and incubated for 5 min. Next, 3 ml diethyl ether is added and finally centrifuged for 2 min at 2000 rpm. The supernatant is discarded and the residues are transferred to microscope slides and observed under microscope for the presence of parasite ova.
Statistical analysis
Data were analyzed using SPSS software version 20. The Z-scores for stunting, being underweight and low BMI for age were calculated using the AnthroPlus software version 1.0.4. Logistic regression was used to analyze the degree of association and was expressed as odds ratios for the prevalence of infection and risk factors.
Ethical considerations
Before collecting the data, the ethical committee of Bahir Dar University cleared the study, and a letter describing the objective of the research was written to Bahir Dar Zuria Woreda Administration, Educational Office and Zegie Elementary School. Consent was obtained from the children's parents selected for study after explaining the purpose and the procedures of the study. The study subjects who were positive for parasites were treated with specific drugs by a physician from the Zegie clinic.
Results
Of 422 invited subjects, 408 participated in the study and were included in the present analysis. Three hundred sixty-six (89.7%) study participants were from the Zegie Primary School and 42 (10.3%) were from the Ura Primary School. Of these participants, 207 (50.7%) were males, and 201 (49.3%) were females. The mean age of the study subjects was 11.5 ± 2.6 (mean ± SD) years with a minimum and maximum age of 6 years and 20 years, respectively. Most of the students (65.2%) were between 10 and 14 years of age followed by 22.1% between 6 and 9 years of age and 12.7% ≥15 years of age. Approximately 52% (214) of the students were from rural areas, whereas the remaining students were from urban areas.
Of the total 408 stool samples examined, 282 (69.1%) were positive for one or more intestinal helminths. Six species of intestinal helminths were identified. The predominant intestinal helminth was hookworm with a prevalence of 43.4% (177 cases). The second most prevalent parasite was S. mansoni at 29.9% (122 cases) followed by A. lumbricoides at 12.7% (52 cases) and T. trichiura at 10% (41 cases). The least encountered helminths were Hymenolepis nana with 4.6% (19 cases) and Strongyloides stercoralis with 0.7% (3 cases) (Fig. 1) .
From 408 study subjects, 155 (74.9%) males and 127 (63.2%) females were infected by either one or more intestinal helminths. There was a significant difference in the overall prevalence of intestinal helminthic infection among males and females (p < 0.05). When analyzed separately based on a single infection, males (60.7%) were more infected by S. mansoni than females (39.3%) and the difference was significant (p < 0.05). A higher prevalence of hookworm, T. trichiura and H. nana were detected in males compared to females, although the differences were not significant. By contrast, a higher prevalence of A. lumbricoides was detected among females than males; however, the difference was not significant (p > 0.05) (Fig. 2) .
Of the total study participants, 257 (63%) wore shoes regularly, 114 (27.9%) students wore shoes occasionally, and 34 (8.3%) students did not wear shoes. Students who did not wear shoes at all and those who wore shoes occasionally were at high risk of hookworm infection, and a significant difference was also observed between those with and without shoes. Hookworm infection was 15 times (AOR = 14.7; 95% CI = 5.2-41.8, p < 0.05) higher in children who did not wear shoes than children who wore shoes regularly, and hookworm infection was 11 times (AOR = 10.6; 95% CI = 6.1-18.3, p < 0.05) higher in children who wore shoes sometimes than those children who wore shoes regularly. Table 1 shows the association of sociodemographic characteristics with intestinal helminthic infection. From a total of 408 study participants, 282 (69.1%) schoolchildren were infected by intestinal helminths. Of these, 138 (71.1%) were from rural areas and 144 (67.3%) were from urban areas. The prevalence of intestinal helminthic infections was higher among rural study participants than the urban counterparts; however, the difference was not significant. There was a significant association between the schools and intestinal helminthic infection (p < 0.05). A higher prevalence of intestinal helminthic infections was recorded in the Zegie primary schoolchildren with 260 (71%) compared to 22 in the Ura primary schoolchildren (52.4%). By contrast, there were no significant associations of intestinal helminthic infections with father occupation, mother occupation, father education, mother education, family size, and residence (p > 0.05) ( Table 1) . Table 2 shows the association of behavioral and hygienic practice status with intestinal helminthic infections. Of the total study participants, 62% used tap water, 18.1% used river water, 14.2% used pond water, and 5.6% used spring water. The difference in the prevalence of infection between those who used tap water and those who used river/spring water was not significant (p > 0.05). Three hundred and thirty-two (81.8%) of the children used the latrine and the remaining did not, but there was no significant difference in the prevalence of intestinal helminthic infections (p > 0.05). Of the total study subjects, 63% always wore shoes, 27.9% sometimes wore shoes, and 8.3% never wore shoes. The prevalence of hookworm infection was significantly lower in children who wore shoes regularly than who did not wear shoes regularly. Conversely, a higher rate of intestinal helminthic infection was found among children who did not wash their hands regularly before meals. The difference was significant (p < 0.05). For waste disposal, 58% of families burnt waste, 28% placed waste into a pit, and 13.2% of the families threw waste into an open field. However, the difference in the prevalence of intestinal helminthic infections was not significant (p > 0.05).
Univariate logistic regression analysis showed that among the potential risk factors regarding the prevalence of S. mansoni infection, significant associations were found between S. mansoni infection and sex, residence, frequency of water contact while crossing the stream and that of swimming. Multiple logistic regression was performed for variables that were significantly associated with S. mansoni infection from the univariate analysis. Among the potential risk factors, sex, residence, and swimming habit remained significantly associated with S. mansoni infection. Males were 1.69 times (AOR = 1.69; 95% CI: 1.04-2.7) more likely to have S. mansoni infection than females. Children who swam frequently were eight times (AOR = 7.9; 95% CI: 3.7-16.7) more likely to be infected by S. mansoni than those who had no habit of swimming. S. mansoni infection was two times higher in rural children than urban children (AOR = 1.9; 95% CI: 1.2-3.04, p < 0.05).
The difference in infection rate for T. trichiura between children who did and did not wash their hands before meals was significant. Children who did not wash their hands before meals were 13 The overall prevalence of being underweight for ages 6-10 years was 18% (27/150), of which 14 (16.3%) were females and 13 (20.3%) were males (Fig. 3) . The study showed that there was no significant difference in the prevalence of being underweight between males and females (p > 0.05). Twenty (16.5%) and 7 (24.1%) children were underweight from the Zegie and Ura primary schools, respectively. The prevalence of being underweight was higher among the Ura primary schoolchildren; however, the difference was not significant (p > 0.05). Of the underweighted children, 18.9% (20) of were positive for intestinal helminthic infections, indicating a slightly higher prevalence of being underweight among those infected with parasites.
The overall prevalence of stunting was 15.3% (61), of which 31 (15.5%) were males, and 30 (15.5%) were females. Severe stunting was observed in 3% (12) of students, although there was no significant association between stunting and gender. The prevalence of stunting for aged 6-9, 10-14 and ≥15 years were 13.4% (11), 14% (37), and 25.5% (13), respectively. The prevalence of stunting was higher in the age group ≥15, However, the difference was not statistically significant (p > 0.05). There was no significant association between stunting and intestinal helminthic infections.
One hundred ten (27.6%) schoolchildren were thin/wasted (BMI-for-age Z-score <−2). Of these, 41 (21.1%) were females and 69 (33.8%) were males. The highest prevalence of wasting was observed among the age group ≥15 years old (37.3%) followed by the age group 10-14 (29.4%) and 6-10 years (15.9%), and the difference was significant (p < 0.05). Children aged 10-14 and ≥15 years were two times (AOR = 2.1; CI = 1.1-4.4) and three times (AOR = 2.57; CI = 1.1-6.0), respectively, more likely to be underweight than children aged 6-9 years. There was no significant association for the prevalence of thinness/wasting between children who were infected with intestinal helminthes and those without helminthes infection (p > 0.05)
Discussion
The present study was conducted to assess the prevalence of intestinal helminthic infections and malnutrition among schoolchildren of the Zegie Peninsula. The overall prevalence of intestinal helminthic infections was 69.1%. This prevalence was comparable to findings of 69% from Adwa town, northwestern Ethiopia [4] , 66.7% from northern Gondar, northwestern Ethiopia [11] , and 64.6% from a rural community in southwestern Nigeria [12] .
By contrast, the prevalence in the present study was lower than the prevalence reported in Bushulo village, southern Ethiopia (91.5%) [6] , and in the Lake Awassa area, southern Ethiopia (92.7%) [13] . However, the present finding was higher than the prevalence reported from Jimma Zone, southwestern Ethiopia (47.1%) [14] , although this result was higher than findings reported from Kenya (12.9%) [15] , Nigeria (45.5%) [16] and South Saint Lucia Island in the eastern Caribbean Sea (52.2%) [17] . This finding was also considerably higher than that in a recent report from Nigeria (9.1%) [18] . Findings in different studies indicate that helminthic infections vary considerably in occurrence between districts, regions, and across countries. Differences in the prevalence among the different communities may be associated with environmental sanitation, water supply, and the socioeconomic status of households. Other factors related to the time of study and methods of examination also contribute to differences in the prevalence and distribution of intestinal helminths.
Hookworm (43.4%) was the most dominant parasite encountered in schoolchildren. The reason for the high prevalence of hookworm infection may be attributed to presence of forests and a humid environment in the study area. In addition, 36% of schoolchildren in this study did not wear shoes regularly. Contrary to this result, a study conducted in Umolantie, south Ethiopia [19] and in Babile town, eastern Ethiopia [20] , showed that males were at lower risk of hookworm infection than females. Study participants who had poor shoes wearing habits had a higher prevalence of hookworm infection than those who had better shoes wearing habit (p < 0.05). Reports from Gondar, northwestern Ethiopia [21] and from southern Ethiopia [22] are also consistent with our finding that a higher prevalence of hookworm infection is more common among study participants who had poor shoes wearing habit than those who did not wear shoes.
The second most dominant parasite was S. mansoni with a prevalence of 29.9%. The high prevalence of S. mansoni infection may be due to the study area, which is partly surrounded by Lake Tana. The presence of water bodies in the area is conducive both for the breeding of the intermediate host (snail) and as a swimming ground for children. S. mansoni infection was higher in males (74.9%) than in females (63.2). This is more likely to be influenced by cultural values, such as that females are advised to stay home with their mothers, which may decrease the risk of exposure to parasites, unlike males, who go to agricultural field with their fathers and have a higher chance of exposure to S. mansoni and other intestinal helminthic infections.
The third most prevalent parasite among schoolchildren was A. lumbricoides (12.7%). This parasite's prevalence was lower than the prevalence reported in Gondar, northwestern Ethiopia (23.2%) [21] , in Bushulo Village, southern Ethiopia (37.2%) [6] , in North Gondar, northwestern Ethiopia (39.8%) [23] , and in Chencha town, southern Ethiopia (60.5%) [24] . However, this prevalence was higher than in Wukro town, eastern Tigray, Ethiopia (5.7%) [25] . Environmental sanitation and differences in exposure to infection likely play an important role in affecting the prevalence rate of A. lumbricoides.
The prevalence of being underweight (WAZ) among schoolchildren was 18%, which was higher than in Adama town, Ethiopia (7.2%) [26] . Our study showed that the prevalence of being underweight was higher in males (20.3%) than females (16.3%), although the difference was not statistically significant. Other studies consistent with our finding reported a relatively higher prevalence of being underweight in males [27] . The probability of being underweight was higher in children who were infected with intestinal helminthes compared to children who did not have helminth infections [28] . However, in the present study, being underweight was not significantly associated with intestinal helminthic infections.
The prevalence of stunting (HAZ) was 15.3%. This prevalence was higher than the prevalence reported in Adama town, Ethiopia (12.6%) [26] . In our study, the prevalence of stunting was similar both in males and females. However, in another study, a significant association was observed between stunting and gender, with stunting being higher in males than females [29] . Because stunting is associated with chronic conditions, such as prolonged food shortage and recurrent and chronic disease, these differences may be due to socioeconomic and cultural variations and the health conditions of the study subjects.
The prevalence of thinness/wasting (BMI-forage) was 27.6%. This is comparable with findings from Tikur Wuha elementary school, northwestern Ethiopia (28.3%) [28] . Contrary to our finding, it was reported that females have significantly lower BMI-for-age Z-score than their male counterparts [30] . The prevalence of thinness/wasting was not significantly different between children infected with intestinal helminth and non-infected children. However, the study reported from Venezuelan showed that helminthic infections and thinness/wasting were negatively associated [30] . These variations may be due to differences in nutrition and the types of staple foods the communities live upon.
In conclusion, our study indicated a relatively high prevalence of intestinal helminthic infections among schoolchildren in Zegie Peninsula, northwestern Ethiopia. In particular, hookworm and S. mansoni were the most common intestinal helminthic parasites among students. Based on the potential risk factors considered in the present study, the habit of wearing shoes, swimming, and hand washing before meals were significantly associated with intestinal helminthic infections. However, no significant associations were found between intestinal helminthic infections and stunting, being underweight and wasting.
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